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© A remedial ultrasonic wave generating apparatus 
which allows highly efficient dispensation of a medi- 
cine without complicated preparations is provided. 
An ultrasonic wave generating apparatus for sup- 
plying an ultrasonic wave signal to a remedial ultra- 
sonic oscillation element comprising an ultrasonic 
wave signal generating means for generating an 
ultrasonic wave signal whose frequency randomly 
changes. The ultrasonic wave signal generating 
means is constituted by, for example, a plurality of 
oscillation circuits oscillating at different frequencies 
and a switching circuit for randomly selecting one of 
the outputs of these oscillation circuits based on the 
output of a random number generating circuit. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an apparatus s 
for generating uttrasonic waves for improving the 
dispensation and effect of a medicine or a remedy. 

Description of the Related Art 

TC 

To improve the dispensation and effect of a 
medicine, application of ultrasonic waves has been 
conventionally carried out in the vicinity of the 
diseased part to which the medicine is dispensed. 

For example, Japanese Patent Publication No. 75 
H3-36913 which corresponds to U.S. Patents Nos. 
4,821,740, 4,953,565 and 5,007,438 discloses an 
endermic dispensing tool having a medicine layer 
and an ultrasonic oscillation element contained in a 
common container wherein the medicine layer is 20 
disposed so. that it is exposed directly or through a 
medicine-permeable member to the outside at a 
part of the container and the ultrasonic oscillation 
element is disposed so that it is acoustically coup- 
led to the medicine layer. 25 

In the endermic dispensing tool disclosed in 
the publication, an ultrasonic wave signal is sup- 
plied from an externally provided ultrasonic oscilla- 
tor to the ultrasonic oscillation element which in 
turn causes ultrasonic oscillation at a predeter- 30 
mined frequency. 

The ultrasonic oscillation element is attached to 
the forward end of a catheter which is inserted into 
the human body. Decomposition of a thrombus is 
encouraged by injecting thrombus decomposing ss 
medicine through the catheter with the ultrasonic 
wave applied to said thrombus. 

The effect of a remedy can be improved by the 
use of ultrasonic waves during dispensation of a 
medicine as described above. The degree of the aq 
effect depends on various conditions, for example, 
the method of applying the ultrasonic wave, the 
frequency and strength of the ultrasonic wave, the 
density of the medicine, etc. Therefore, when an 
ultrasonic wave and medicine are used in tandem 45 
in a remedy, it is essential to provide conditions 
which will enable the greatest efficacy. 

Although it is known that the efficacy of a 
remedy depends on the frequency of the ultrasonic 
wave which is used, the optimum frequency has 50 
not yet been identified. The reason is that there are 
factors with complicated correlations such as differ- 
ences between objects to be treated, e.g., organic 
structures such as cells and thrombi, factors asso- 
ciated with the drugs (type, density, amount, etc.) 55 
and factors associated with the oscillation elements 
(shape, position, etc.). 
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Therefore, to actually dispense a medicine, for 
example, several uttrasonic wave generating ap- 
paratuses having different oscillation frequencies 
are prepared. The effect of the dispensation is first 
examined by driving the ultrasonic oscillation ele- 
ment at several different frequencies to obtain a 
frequency which seems to be the optimum. Then, 
the ultrasonic oscillation element is driven at this 
frequency to improve the dispensation of the medi- 
cine. 

However, since the condition for dispensation 
changes each time a drug is delivered, the opera- 
tion to find the optimum frequency must be re- 
peated each time, which necessitates enormous 
time and labor. 

For example, in remedies for thrombi using 
uttrasonic waves and thrombus decomposing medi- 
cine, the thrombi in the diseased parts do not 
always have the same structure. The stiffness, den- 
sity and composition of a thrombus vary from per- 
son to person and depending on bloodstream, the 
density of red blood ceils and the like. As a result, 
even if a particular sensitivity is exhibited at a 
particular frequency, it will be impossible to find 
that frequency in a short time. This has precluded 
this method from being effectively employed as an 
urgent remedy for cardiac infarctions or the like. 

Further, in finding the optimum frequency, the 
effect of dispensation of the medicine is not exam- 
ined at ail frequencies but only at discrete fre- 
quencies. This can lead to a frequency being erro- 
neously regarded as the true optimum frequency, 
making it impossible to obtain the maximum effect 
which would otherwise be available. 

Under these circumferences, it is an object of 
the present invention to provide a remedial ultra- 
sonic wave generating apparatus which allows 
highly efficient dispensation of a medicine without 
complicated preparatory operations. 

SUMMARY OF THE INVENTION 

According to the present invention, there is 
provided a remedial ultrasonic wave generating ap- 
paratus for supplying an ultrasonic wave signal to a 
remedial ultrasonic oscillation element, comprising 
an ultrasonic wave signal generating means for 
generating an ultrasonic wave signal whose fre- 
quency randomly changes. 

According to the present invention, since the 
frequency of the ultrasonic waves supplied to the 
remedial ultrasonic oscillation element randomly 
changes, the ultrasonic oscillation includes frequen- 
cy components in a very wide band when observed 
over time. Therefore, even if there are a variety of 
conditions for dispensation of a medicine, a fre- 
quency component which provides the maximum 
effect under each condition will be included in 
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those frequency components. This makes it possi- 
ble to dispense a medicine with high efficiency 
regardless of differences in conditions under which 
the medicine is dispensed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a first em- 
bodiment of a remedial ultrasonic wave generating 
apparatus according to the present invention. 

Fig. 2 is a graph showing random changes in 
an ultrasonic frequency. 

Fig. 3 is a block diagram showing a second 
embodiment of a remedial ultrasonic wave generat- 
ing apparatus according to the present invention. 

Fig. 4 is a block diagram showing a third 
embodiment of a remedial ultrasonic wave generat- 
ing apparatus according to the present invention. 

Fig. 5 is a graph showing changes in the 
output frequency of a sweep oscillation circuit. 

Fig. 6 is a graph showing the difference in 
effect between a case wherein a frequency is 
changed in order and a case wherein the frequency 
is randomly changed. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Features of the present invention will now be 
described in detail in preferred embodiments there- 
of with reference to the accompanying drawings. 

Fig. 1 shows a first embodiment of a remedial 
ultra- sonic wave generating apparatus according to 
the present invention. 

A plurality of oscillation circuits 1a through 1e 
oscillating at frequencies f1 through f5 in different 
ultrasonic frequency bands are provided. The out- 
put of each of the oscillation circuits 1a through 1e 
is supplied to a switching circuit 2 to which a 
random number generating circuit 3 is connected. 
According to a random number generated by the 
random number generating circuit 3, one of the 
outputs of the oscillation circuits la through 1e is 
selected to be supplied to an amplifier 4. The 
random number generating circuit 3 generates ran- 
dom numbers from "1" through "5". For example, 
when "1 " is generated, the output at the frequency 
f1 from the oscillation circuit 1a is supplied to the 
amplifier 4; when "2" is generated the output at the 
frequency f2 from the oscillation circuit 1b is sup- 
plied to the amplifier 4; and so on. 

The output of the switching circuit 2 is am- 
plified by the amplifier 4 and is supplied to an 
ultrasonic oscillation element 5 attached to a reme- 
dial tool such as a catheter, utilizing an ultrasonic 
wave. 

In the above-described ultrasonic wave gen- 
erating apparatus, the outputs of the plurality of 



oscillation circuits 1a through 1e are selected ac- 
cording the random numbers. So, the frequency of 
the signal supplied to the amplifier 4 randomly 
changes in the range between f1 and f5 as shown 

5 in Fig. 2. Therefore, the ultrasonic oscillation ele- 
ment 5 generates ultrasonic waves having random 
frequencies. When the frequency of an ultrasonic 
wave randomly changes, the ultrasonic oscillation 
includes frequency components in a very wide 

to band. As a result, the optimum frequency compo- 
nent is always available regardless of the varied 
conditions of the objects of the remedies, and 
sufficient effect can be obtained in remedies for the 
diseased parts. 

15 A more detailed description will now be made 

on the reason for the improvement in the effect of 
a remedy obtained with randomly changing fre- 
quency of the ultrasonic wave. When the ultrasonic 
oscillation element oscillates at a single frequency, 

20 a substance contained in a liquid repeats a regular 
and linear movement. On the other hand, when an 
ultrasonic wave is applied at a plurality of fre- 
quencies, the substance makes a complicated 
movement which improves the effect of a remedy. 

25 Further, a substance in a liquid tends to move only 
at a particular frequency depending on its weight 
and size while the application of a plurality of 
frequencies allows substances in different sizes to 
be moved simultaneously. 

30 From the characteristics of an ultrasonic os- 

cillation element, it will be understood that the 
directivity of an ultrasonic wave at a particular 
frequency is fixed for the given size, weight, shape, 
etc. of the element. In other words, the ultrasonic 

35 wave travels only in a particular direction. Con- 
versely, if the frequency of the ultrasonic wave is 
changed, the directivity changes with the frequen- 
cy. Therefore, the application of a plurality of fre- 
quencies to an ultrasonic oscillation element will 

40 prevent directional deviation to provide an ultra- 
sonic wave having improved directional uniformity. 

Fig. 3 shows a second embodiment of a reme- 
dial ultra-sonic wave generating apparatus accord- 
ing to the present invention. It is different from the 

45 first embodiment shown in Fig. 1 in that the plural- 
ity of oscillation circuits 1a through 1e oscillating at 
different frequencies and the switching circuit 2 are 
replaced by a variable frequency oscillation circuit 
6 whose oscillation frequency is directly controlled 

so by the random number generating circuit 3. Vari- 
able frequency oscillation circuit 6 may be a 
phase-locked loop circuit whose oscillation frequen- 
cy is changed by controlling the frequency dividing 
ratio in accordance with the random number data 

55 from the random number generating circuit 3, a 
voltage controlled oscillation circuit whose oscilla- 
tion frequency is changed according to an analog 
signal obtained by performing D/A-conversion on 
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the random number data from the random number 
generating circuit 3, or the like. 

Fig. 4 shows a third embodiment of a remedial 
ultrasonic wave generating apparatus according to 
the present invention. In this third embodiment in 
addition to the configuration of the second embodi- 
ment shown in Rg. 3. there is provided a sweep 
oscillation circuit 7 whose oscillation frequency 
continuously changes in the form of teeth in the 
range between f6 and f7 in a cycle T as shown in 
Fig. 5. The sweep output of the sweep oscillation 
circuit 7 is synthesized with the random output 
from the above-mentioned variable frequency os- 
cillation circuit 6 at a synthesizing circuit 8 and the 
product is supplied to the amplifier circuit 4. Ac- 
cording to the third embodiment shown in Rg. 4. 
since the ultrasonic oscillation element 5 is applied 
with the signal having a continuously changing 
frequency from the sweep oscillation circuit 7 as 
well as the signal having a randomly changing 
frequency from the variable frequency oscillation 
circuit 6, the ultrasonic oscillation element 5 os- 
cillates in a very complicated manner, thereby fur- 
ther improving the effect of a medicine. In addition, 
since the ultrasonic oscillation element 5 is applied 
with the signal having a continuously changing 
frequency, the ultrasonic oscillation element is 
driven at all the frequencies within the sweep fre- 
quency range without omission. As a result, the 
optimum frequency component is always available 
regardless of the varied conditions around the ob- 
jects of remedies, and sufficient effect can be 
achieved on diseased parts. 

In the above description, the presence of a 
wide range of frequency components in the output 
of the ultrasonic oscillation element 5 has been 
described as the reason that a remedy can be 
administered to a diseased part with sufficient ef- 
fect regardless of the varied conditions at the site. 
This may lead one to assume that it is not essential 
to randomly change the frequency, and the fre- 
quency may be changed in an orderly fashion 
within a desired frequency range. However, chang- 
ing the frequency in a particular order will not 
provide sufficient effect as described below. 

In order to confirm the effect obtained by ran- 
domly changing the frequency of the ultrasonic 
waves, a cell lysis effect obtained by operating the 
ultrasonic oscillation element at random frequen- 
cies within a certain frequency band was compared 
to that obtained by operating the element by 
means of a continuously changing repetitive 
sweeping wave using frequencies in the same 
band. The method for the experiment was as fol- 
lows. 

White blood cells were separated from the 
blood of a rabbit, and ultrasonic waves were ap- 
plied to the white blood cells for a predetermined 



period of time. The number of live white blood cells 
before application was compared to that after ap- 
plication. The conditions for the application of the 
ultrasonic waves were divided into groups A and B 

5 as shown below. 

Group A (Example for Comparison): frequen- 
cies of 800 kHz, 1000 kHz, 1100 kHz and 1200 kHz 
were repeated in order for 0.2 sec each. 

Group B: the same frequencies as in the group 

10 A were generated for the same period of time but 
in arbitrary combinations and order, i.e., they were 
randomly repeated. 

The experiment was carried out using the 
same application time and ultrasonic output (ap- 

75 proximately 0.5 W/cm 2 ). 

The results are shown in Fig. 6. The broken 
line indicates the group A and the solid line in- 
dicates the group B. Time (sec.) is shown along the 
vertical axis and the survival rate of the cells (%) is 

20 shown along the axis of the abscissa. As shown in 
Rg. 6, random combinations (group B) exhibited a 
more significant effect in killing the white blood 
cells. After the total ultrasonic application time of 
60 sec, the group A displayed a lysis of 20% of 

25 the cells while the group B displayed a lysis of 
51%. This significant difference increased in pro- 
portion to the application time. 

As described above, the ceil breakage rate 
obtained using randomly changing frequencies was 

30 higher than that obtained by the frequencies 
changed in order, and it seems that there was an 
increase in energy efficiency. While the reasons for 
this are not clear, it is assumed that changing a 
frequency in order results in absorbance of the 

35 change in the frequency by the oscillation mode of 
a substance at the previous frequency, and is not 
likely to cause a change in the oscillation mode of 
the substance. Changing a frequency at random 
eliminates the influence of the oscillation mode of 

40 the substance at the previous frequency because 
the oscillation mode at each frequency is com- 
pletely different from those at other frequencies. 

As described above, according to the present 
invention, an ultrasonic oscillation element is driven 

45 at a random frequency. This provides the ultrasonic 
oscillation element with a varied oscillation mode 
and thereby improves the efficiency of dispen- 
sation of a medicine. The improvement in the effi- 
ciency of dispensation results in a reduction in 

so ultrasonic application time. As a result, the amount 
of the energy required for ultrasonic oscillation can 
be reduced. The improvement in the efficiency of 
dispensation also allows the strength of the ultra- 
sonic wave to be reduced, thereby eliminating 

55 problems for the patient. Further, an ultrasonic os- 
cillation element can be used without the need to 
consider the directivity and frequency characteris- 
tics of the ultrasonic oscillation element itself. In 
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addition, the optimum effect of a remedy can be 
achieved through a process which remains un- 
changed irrespective of the density, stiffness or the 
like of the tissues to be treated. 

While the present invention has been shown 5 
and described with reference to the foregoing oper- 
ational principles and preferred embodiments, it will 
be apparent to those skilled in the art that other 
changes in form and detail may be made therein 
without departing from the spirit and scope of the 10 
invention as defined in the appended claims. 

The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both separately and in any com- 
bination thereof, be material for realising the inven- 75 
tion in diverse forms thereof. 

Claims 

1- A remedial ultrasonic wave generating appara- 20 
tus for supplying an ultrasonic wave signal to a 
remedial ultrasonic oscillation element com- 
prising an ultrasonic wave signal generating 
means for generating an ultrasonic wave signal 
whose frequency randomly changes. 25 

2. The remedial ultrasonic wave generating ap- 
paratus according to Claim 1, wherein said 
ultrasonic wave signal generating means com- 
prises a plurality of oscillation circuits oscillat- 30 
ing at different frequencies and a selection 
means for randomly selecting one of the out- 
puts of said plurality of oscillation circuits. 

3. The remedial ultrasonic wave generating ap- 35 
paratus according to Claim 1, wherein said 
ultrasonic wave signal generating means com- 
prises a random number generating circuit and 

a variable frequency oscillation circuit whose 
oscillation frequency is controlled by the out- 40 
put of said random number generating circuit. 

4. The remedial ultrasonic wave generating ap- 
paratus according to Claim 1, further compris- 
ing a sweep oscillation circuit whose oscillation 45 
frequency continuously changes in a teeth pat- 
tern within a predetermined range and a syn- 
thesizing circuit for synthesizing the output of 
said sweep oscillation circuit and the output of 

said ultrasonic wave signal generating means. so 
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